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Analysis on Fracture Properties of Concrete-
Epoxy Interface

ZHANG Yuanmiao, YU Jiangtao, LU Zhoudao
(Research Institute of Structural Engineering and Disaster Reduction,
Tongji University, Shanghai 200092, China)

Abstract: Sandwiched wedge splitting method and double-K
fracture model were used to study the fracture properties of
the prototype
double-K

fracture parameters and fracture energy of the sandwiched

concrete-epoxy interface. Compared to

specimens, the cracking load, ultimate load,

specimens formed by epoxy injection improve, while the
cohesive fracture toughness shows no improvement. To
specimens with rough interface, the cohesive fracture
toughness value calculated with soften curve is identical with
that of the test. And the cohesive fracture toughness value of
specimens with smooth interface is lower than that of
specimens with rough interface because of the wall effect. It
is assumed that the epoxy injection technique helps postpone
the developing of cracks in sandwiched specimens, which

improves the initial fracture toughness. The initial fracture
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toughness is used to judge interface crack deflection, and the
results agree well with the tests. It is recommended that the
initial fracture toughness be used to characterize the fracture
properties of concrete-epoxy interface.

Key words: wedge splitting method; concrete-epoxy

interface; interface fracture toughness; initial fracture

toughness; wall effect
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Fig.1 Configuration of wedge splitting test; loading

arrangement and specimen shape (unit: mm)
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Tab.1 Specimens of the wedge splitting method

ENas WA AR ¢/mm d/mm ao/mm ho/mm HE/A HMEE
C30 200 200 80 3 6 REEL
RC30 XH160A/B 200 200 80 3 3 HE MG
KC30 XH160A/B 200 200 80 3 6 FRmEEN
C50 200 200 80 3 5 BE L
RC50 XH160A/B 200 200 80 3 5 HE MG
C70 200 200 80 3 4 REEL
RC70 XH160A/B 200 200 80 3 4 HEM G

T AR d IR s a0 IR ZHBER B s ho SR BT DB L.

B E R BE I8 R Araldite 24 B A& 75 9
XHI160A/B 3F & # i5 g 34 4% & #b & & XH111
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2MERESEH Araldite 2AEIHRED.
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Tab.2 Mechanic property of epoxy

FEMEE PR /GPa HHRE/MPa SRS HERE(TAdE)/MPa HERE/MPa KE/(m-Pa-s) EMAH/min
XH160 A/B 22.3 21 31 94 200 15~25
XH111 A/B 24.0 36 3. 62 (B B A FEIREE 1 HD 73 65000 25
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Fig.2 Interface profile diagrams of repaired specimens after WST

3 BEHRRGHRSHEIN

3.1 P-s gizk

B 3 BB R RSN P-s k. Xt
HHRIJG P-s HZEnT L& B, A L F R €30, C50,C70
A, RC30, RC50, RC70 3R 4 B W AR 1 3R A5 L 45
BRI H P-s 6 1 AY 4 i 26 T AR LE DR
A PR A 2B R R Wi S B K. TR R
TP KC30 2014 e 0 0 e 0 I R 1K,
3.2 TR MRVEMNILE

WA P~ ikl BB G RER
TR P i A PRATER Prowr s K Wi B BE Ko 915
/L\\:—litﬁn_l:[l%lgj .

_ Px10°®

K, = Wf(a) @D)

f(@)=3.675[1—0.12(a—0.45) ]/ (1—a)*? (2)
A AN EEK a=a./d. IEHFHRERE a. 1T
AKX PR, A #ERE E AR P~ #iZk

HIMIIERIE o A
13.18 1 Wk
s.Et ho (3
P—max +9.16

A KRR 5. BaETR DI SA.

BARPRBERWEE . X 5ERR
B, W 3.

RBE R RAFR SR A LA 4.
N T R, B 4 5 X fhadn i g il
RELEY AT HE X SR BE RS E, 5
BRI IR IR X A AR 17 A B — B B B
L, TR @A 4 AT LUR I B E AT, SRR R
o RN PR e 2 B 2 TR 1 55 2R A 4R 0 T 4 L ik

a. = (h+ho){1_




Gl ¥ 1=y el )

LRV

1034
12r 9
--- C30-1 8 --- KC30-1
10 \ ----C30-5 71 -—KC30-2
g% --=C30-6 ol ---KC30-3
z D -—-RC30-1 Z S - KC30-4
Z b\ \
% \ g 4
4 3
] 2
2 1 .
J
0 0 1 2 3 4 5
s/mm
--- C50-1
-=C50-2 16
—- C50-4 14}/
---C50-5 12H
C50-6 10
RC50-1 Z
RC50-2 T 8
RC50-4 6
——RC50-5 4
—RC50-6 N
4 3 0 5
B3 AR P-s figk
Fig.3 P-s curves
=3 BABNERIEAER
Tab.3 Test results from WSTs
Pii Prax Ky K& KS,
u o/ u o/ u o/
R e 7 C;/ “ o “;/ (MPa+  (MPa- “;/ (MPa+  (MPa- “;/ (MPa+  (MPa- C;/
0 0 mb/2) ml/2) 0 mb/2) mv? 0 mb/2) ml/2) 0
C30 4.10 0.44 11 8.55 0.64 7 0.36 0.04 11 1.32 0.07 5 0.96 0.05 5
RC30 5.75 0.77 13 10.46 0.78 8 0.51 0.07 13 1.48 0.05 3 0.97 0.05 6
KC30 5.75 0.59 10 7.38 0.82 11 0.51 0.05 10 0.83 0.12 15 0.32 0.10 32
C50 7.51 0.88 12 10,11 1.06 10 0. 67 0.08 12 1.71 0.10 6 1.04 0.05 5
RC50 9.20 0.88 10 12.36 0.53 4 0.82 0.08 10 1.83 0.04 2 1.01 0.07 7
C70 8.8 0.69 8 12.63 0.73 6 0.79 0.06 8 1.73 0.12 7 0. 94 0.12 13
RC70 10.18 0.46 4 14.04 0.3¢ 2 0.91 0.04 4 1. 90 0.05 2 0. 99 0.07 7
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Fig.4 Variation of Py and P, of specimens before and after repairing
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Fig.5 Variation of double-K fracture parameters of specimens before and after repairing
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Fig.6 Variation of fracture energy of specimens

before and after repairing
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Fig.7 Variation of Kj. of specimens before

and after repairing

4 C30(RC30),C50(RC50) , C7T0(RCT0) #EH]
WS BEYAR I, B E) B R P IS E 551
0. 96(0. 97), 1. 04 (1. 01),0. 94 €0. 99) MPa -
m"% 0] PLA RS 7 R ) (R L B AL k. X iR

SEiREE T C50 5 CT0, 2R FISCHR 19-20 13 H i 02k
PEERAL I ZR L X T C30 TR B L3R F STk (21 ] f %k
LRI IT 45 B BUR BRI A REE R I E R
PRZAE. RIREE TS B G e 03 2R A
LR FE AL MR FIPRAS R R R T A K. 45
R 4. TR B AUCRIBE LA AR R R R
PR K SRR R W (E KA RA7 i B 5k
DR RE S KR AR SR, X 5RER
THREEAE AN AR RS I BG4 A, Se 2
TEIRIE R B AR A 3% R K TR R, T
DR IR R - i Ak sl 2 A e O (R B A
28, AR A ERPLIE R VE X TR EE - 5 AMIE
K, NBERIRTT IR AR SE - 1~2 mm X2
AW IRMBER, vl IWENEM IR XHREBE L AR 1
WA, il B AR 1R 0L il LR BL R 82 2 58
TEJRRBE + AT . L8 a% (w th 57 11 HL7E IR 8 £
RIEN B E RTS8 25 R AR R TR 8 1 5
R BT B R AL O, TR R PR R Tt i
AR, BT LR 4 B R TR BE (3 55 Be, FTH
PENFRE R R R TR R

XF FitfF RC30 5 KC30, HEREER) SR AN 8
B, 84 KC30 %45 5w s 5. 76 B A&
GESUN BAT BERUN » AE R 25 5 T B A T Al 55 X i
HIEF SRR P BA B =R LR, 7R
BB IR A8 (R H R 2 2 BRI R T
IR RC30 BB 45 5181 o E AR I JT 1, B BE 6T
HITEFE » A PR B A B R I, 242 fi ) ) 4
BT RM b B R R XM RSB T RS
Wi 2. Gl A 7 T RUR I, A KC30 1
Joh SR T SR A R T R R . AR R R



1036 Wl % K % % |3 R B % O B 4238
4 HENAPEARESITAEA
Tab.4 Test values and the calculated values of Kj.
. Kt Kt N Kf. K. N K K5,
wft (MPa % {111/2) (MPa f fnl/z) A (MPa f fnl/z) (MPa % {111/2) wAF (MPa % {111/2) (MPa % {nl/z)
C30—-1 0. 92 1.01 C50-1 1.03 1. 24
C30—2 0.92 0. 87 C50—2 1.14 1.10
C30-3 0. 93 0.92 C70-3 0. 96 0. 95
C30—4 0.97 0.96 C50—4 1.05 1.03 C70—4 0. 88 1.02
C30-5 0.94 1.18 C50-5 0.99 1.04 C70-5 1.13 1.18
C30—6 1. 06 0. 99 C50—6 1.02 1. 14 C70-6 0.81 0.92
RC30-1 1,04 0.92 RC50-1 0.93 0.93
RC50-2 1.11 0.98
RC70-3 0.97 0. 89
RC50—4 1. 06 0.99 RC70—4 0.99 1. 06
RC30-5 0.94 0.93 RC50-5 0.96 0.92 RC70-5 0. 93 1.03
RC30-6 0. 92 0. 88 RC50-6 1.00 0. 90 RC70-6 1.11 1.12

Wi 2B BE L B R W R RE DL R R AR W R R =
RER, REE R S AR EE L b R R, i b3
AT AT R 286 5 D ) E A R AR A T AR TSR
) PR R 5 B B 2R J3E AN B A I 4T LR e
BTG B R R, BT R AW R B B A
P T IR BE i A A IR 88 L BN A IR TR B R HE
BT HEEHIT R, (34 S EER PR EHR .

HEMfE a b

8 HEMESRERLHEYN

Fig.8 Wall-effect of epoxy-concrete interface
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A D T BT

x5 FAEREMEITHIET

Tab.5 Verification of prediction criteria

A ra/Jem 2 rh/Jem™?) rp/r
RC30-1 9. 00 4,06 2.22
RC30-5 9.55 7.17 1.33
RC30-6 16. 19 9.57 1. 69
RC50-1 21.05 8.05 2.62
RC50-2 17.29 14. 61 1.18
RC50—-4 14, 24 14,06 1.01
RC50-5 26. 64 16. 30 1. 63
RC50-6 20. 67 13. 39 1.54
RC70-3 20. 56 25.99 0.79
RC70—-4 27.13 16. 64 1. 63
RC70-5 28.81 16. 60 1.73
RC70-6 22.28 19. 66 1.13
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